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^ ■• IITRODUOTIOIT 

Althou.f;h a number of investigations of the "bearing 
strength of aluminum alloys have been made (see refer- 
ences 1 and 2), the problem remains one of considerable 
interest to the aircraft industry. For this reason it 
has seemed advisable to make additional tests of the 
commonly used aircraft alloys in an effort to establish 
a better basis for the selection of allov/able bearing 
values. Current design practice does' not recognize the 
effect of edge distance upon bearing strengths, and for 
this reason edge distance v;as one of the principal vari- 
ables considered in "this investigation. The increasing 
emphasis being placed upon permanent set limitations 
makes it essential that more information on bearing yield 
phenomena be obtained. ' ' * 

The object of this investigation vras to determine 
bearing yield and ultimate strengths of the following 
aluminum alloy products: 1?S-~T , 24S-T, Alclad 24S-T , 
24S-5.T, 52S~0, ."52S-1/2H , 52S-H, 53S-T, and SrS-T sneet ; 
A51S-~T and 14S--T • f orgings ; and 24S~-T , -SSS-T and 61S-T 
extrusions. Ratios of these bearing properties to ten- 
sile properties v/erc also determined. 



MATERIAL 



The sheet used for these tests was 0.054— by 10— by 
20— inch. Bearing specimens were cut parallel to the 20— 
inch dimension, which was also parallel to the direction 
of rolling. The extruded material was obtained in the 
form of die Ho. X~22934. Figure 13 shows a s]:etch of this 
section and indicates the portion used for the bearing 
specimens. The fbrgings were obtained in the form of l/4r- 
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"by 3-- 07 12— inch samples v/hich were machined to a l/S— 
inch thickness for test. 

• The tensile properties given in taDle I indicate 
that the material used was typical of commercial produc- 
tion. The ultimate strengths ranged from 7 to 17 percent 
higher than the guaranteed minimuras (see reference 3); 
the yield strengths ( v/ith-grain for sheet) were from 11 
to 30 percent higher than the latter. In only one case 
(53S— T sheet) was the elongation value (with-grain) less 
than that specified. 

FHOCEDURE 



The "bearing tests involved loading single thick- 
nesses 01 material in hearing on a 0 , 250-in ch-diamet er 
steel pin, inserted in clo s e— f i 1 1 ing drilled and reamed 
holes. All specimens were 2 inches v/ide and were 
tested in triplicate. The sheet specimens v/ere loaded 
in the direction of the grain. The'tests were conducted 
in the 40,000— pound capacity Ansler testing machine 
(type 20 Z3DA, serial no, 4318) using the loading fixture 
shov/n in figure 1. ■ 

The measurements of hole elongation under increasing 
loads were ma.de with a filar micrometer microscope, read- 
ing directly to 0.01 millimeter and hy estimation to 
0.002 millimeter. These measurements v;ere taken hetween 
two reference marks: one scrihed on a shoulder on the 
underside of the pin, in the plane of the sheet; the 
other scrihed on the specimen directly under the pin. 
Edge distances, defined as the distance from the edge of 
the specimen to the center of the hole in the direction 
of loading, were 1.5, 2, and 4 times the p.in diamet'er. 
Tests at all three edge distances were made on each speci- 
men hy shearijag. or sawing off the damaged 'end aft.er one 
test ( ah out 3/4 In^ helow the center of the damage hole), 
and rodrilling at a nev; edge distance. 

RESULTS AlID DISCUSSION 



Taole II gives the results of all the "bearing tests. 
The hearing yield-strength values were obtained from the 
"bearing stress— hole elongation curves shown in figures 2 
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to. 1&, ars'ing an 'offset from the initial straight-line 
portion of the curves equal to 2 percent of the pin di- 
ameter (0.005 in.). Table II also indicates the types 
of failure obtained. Por edge distances of 1.5 and 2 
•times' the pin diameter, failures occurred "by shearing or 
•tearing out a portion of the specimen in the margin above 
the pini. ?or edge distances of 4 times the pin diameter, 
failures occurred by upsetting and crushing the metal 
above the pin for all cases except the f or gings , which 
failed in shear as for the smaller edge distances.' 

One of the primary objects of this investigation was 
to obt ain ; inf ormat ion to aid in establishing typical 
ratios of .bearing to tensile properties for the alumin^im 
. alloys .^commonly used in aircraft. Table III summarizes 
the average ratios obtained. These results have been 
arranged according t o . s imilar ity of bear ing- s tr ength 
characteristics into tv/o fairly well-defined groups: 
group 1, including the alloys having tensile strengths 
ranging from 64 ,-5Q0 t o . 7? , 9 00 p ounds per square inch; 
and group 2, including the alloys having tensile strengths 
ranging from 28,600 to 47,300 pounds per square inch. 
Hatios of tensile yield to ultimate strength averaged 0.79 
for the first group; 0.90 for the s e cond excluding 52S-0, 
As wo^^ld be expected, there are a fev/ borderline cases 
where the bearing-strength ratios might be placed in • 
either group, but, in general, the highest ratios of bear- 
ing ultimate and yield strength to tensile strength for 
all edge distances were obtained for the alloys within 
the lower ra^nge of tensile strengths ; the lowest ratios 
were obtained for the highest strength materials. 

■The relative importance of the various properties 
influencing bearing strengths is, of course, not known. 
It- seems reasonable to assume that the highest ratios of 
bearing ultimate to tenaile strength should be exhibited 
by materials having low ratios of tensile yield to ulti- 
ma.te strength, combined with ductility or the ability to 
withstand highly localized plastic deformations without 
fracture. Of the mate:^ials in ^roup 2., showing the high- 
est ratios of bearing ultiiAat.e to tensile, strength, 
52S— 0 is the. only one m-e.eting both of these requirements. 
The ratios of tensile yield to ultimate strength of the 
other materials in group 2 are, with one exception, 
higher than for group 1, yet the influence of this factor 
was apparently more than offset as far as ultimate bear- 
ing strengths were concerned by the. greater ductility of ' 
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the lov/er streu^^th alloys. The superior forming charac- 
teristics of this groux-) of materials are generally rec- 
ognized. . 

Searing-yield strengths, it appears, should he re- 
lated in some way to the other yield- strength character- 
istics of a material. Although the state of stress 
developed "by a pin or rivet in hearing is obviously com- 
plex, it is' not surprising that the hearing-yield to 
t ensile-^str ength ratios shown in taole III. increase with 
increasing ratios of tensile yield to tensile strength. 
From the approximately linear relationship ohserved be- 
tween these ratios for hoth groups of materials, it fol- 
lows that the ratios of hearing-yield to tensil^yield 
strength for any one edge distance should he fairly con- 
stant. The uniformity of these ratios suggests that they 
provide a simpler and perhaps a more rational hasis for 
expressing hearing-yield characteristics than do ratios 
of hearing-yield strength to tensile strength v/hich, as 
shown, may vary appreciably for different materials. 

One of the interesting observations, to be made from 
the results of these tests is that the increases in bear- 
ing-yield strengths for edge distances greater than 2 
diameters were not as pronounced as in the case of the 
ultimate bearing strengths. This was particularly true 
of the mat er ials ■ in the lower t ens il e- s tr engt h group. At 
an edge distance of 2 d iamet er s , m or eover , the bearing- 
yield strengths averaged about two-thirds of the ultimate 
bearina- strengths. According- to present air craft -design 
procedures, in which the stress at yielding generally con- 
trols design if it is less than two-thirds of the ultimate 
strength (ultimate factor of safety = 1.5), it appears 
that bear 'ing -yield r.ather than bearing ultimate strength 
will be the controlling factor in designs for edge dis- 
tances greater than 2 diameters. 

It should be" emphasized in connection with any analy- 
sis of these data for design purposes that the bearing 
strengths given were all obtained from tests of 2-inch- 
wide specimens, 0.054 to 0.125 inch thick, loaded parallel 
to the direction of the grain through a 1 /4-in ch-d iamet er 
steel pin. Under other test conditions somevmat differ- 
ent bea^ring val^c^es would have been obtained. Table IV 
gives a few data from other tests relative to the effect 
of s-oecimen proportions and direction of loading upon the 
bearing properties of 24S-T sheet. Of principal interest 
is the fact'"that the ratios of bearing-yield to tensile-yield 
strength were higher for the cross-grain direction (X) than 
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for the ^..rith-grain direction (W). These cross-grain 
ratios may 'oe approxinated lay multiplying the wi-^h-grain 
ratios by the ratios of the- t ens i 1 e y: eld strength with- 
grain to that acr o s s— gr ain . * ■ Katies of hear ing'alt iript e 
strength to tensile strength for 'the cross-grain direc- 
tion nay likewise he estiaated hy nuli; i-;ly ing the with- 
grain ratios by the ratd'o^ of the tensilb strength "• 
with-graln to that acr o s s-gr ain . It is conclucled from 
these oDservations. that actual values of heaxing yield 
and ultimate strength (not ratios to tensile properties) 
■show no si,:;nif icant directional ch ar act er i s 1 1 cs . * Thi s re- 
sult is consistent with the indications of earlier -bearing 
tests. . ■ ■ ■ 

^Table IV also indicates that the bearing-yield strengths 
obtained from specimens having a gross width eaual to four 
times the pin diameter ( V/ = 4D ) were essentiallv the snne 
as found for specimens having a width of 8D , which was the 
width proportion used for the tests of this investigation. 
The ultimate bearing strengths of the specimens having" a 
width of 4-D were about 5 percent less than obtained for' 
the v.-ider specimens^ 

HatioG of pin diameter to material thickness (D/t) 
apparently have little effect upon bearing strengths, pro- 
vided S/t equals 4 or less. Por relatively larger pin 
diameters, decreases in ultimate bearing strength may be 
expected as shown in table 17. Although not indicated in 
the^ table, bearing-yield strengths are not influenced by 
ratios of D/t provided the required yield strain (0.02D) 
can be produced before ultimate bearing failure occurs. 

Table T gives a summary of the ratios selected from 
taDle IlJ. as a tentative basis for predicting nominal 
bearing values for the alloys and products considered. 
It should be emphasized that the ratios pro7^osed for sheet 
materials are based on bearing and tensile tests made in 
the with-grain direction. Since bearing pro-oerties do 
not snow marked directional characteristics it follows 
that ratios of bearing to tensile properties across-grain 
will oe somewhat higher than shown in table III. The 
greatest difference will be found in the case of ratios 
of bearing yield to tensile yield strength, since the 
latter property for certain cases is normally higher in 
the xv'ith-grain direction than in the cross-grain direction. 

*See table I-l , AlIC-5 , 1942, f orTIlat ions~b et we^" with- 
anc. cross-grain properties of aluminum -alloy sheet. 
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Che ratios given for 17S-T and plain and Alclad 
24S— T sheet in taole V are in substantial agreement with 
values obtained in previous bearing tests of these^alloys 
in the form of sheet. The ratios given for the thin 
24S-T extruded sections, however, are not necessarily^ 
representative of the behavior likely to be obtained in 
thicker extrusions. Table V includes, for example, a 
set of ratios recently obtained for 34~inch thick 24S-T 
extruded sections having a large percentage of unrecrys- 
tallized material with tensile strengths slightly over 
80,000 pounds per square inch. The ratios of. bearing to 
tensile properties for this 243~T were appreciably lower 
than any obtained in the present tests. Comparative 
data for thick and thin forgings of A51S^T and 14S-T are 
not .available. 

It is quite evident from table V that one set of 
ratios of bearing to tensile properties cannot be given 
to cover adeo_uately all the v/r ought-aluminum alloys in 
their various commercial forms. The ratio of bearing 
ultimate strength to tensile strength of approximately 

1.4 currently used for most alloys in aircraft design 
(see reference 4) is satisfactory for edge distances of 

1.5 diameters but appears unduly conservative for edge 
distances of 2 diameters or greater. It is believed 
that the influence of edge distance should be recognized 
in the selection of allowable bearing values. 



COITCLUSIOIIS 



The results of this investigation of the bearing- 
strength characteristics of a number of aluminum alloys 
in the form of sheet, thin extrusions, and thin forgings, 
loaded in bearing through a steel pin, l/4 inch in diam- 
eter, seem to warrant the following conclusions: 

• * 1. The bear ing— strength data presented were obtained 
from materials representative of commercial production. 
Table I gives a summary of tensile properties. 

2. Table II gives bearing yielgL and ultimate strengths 
for all materials for edge distances of 1.5, 2 and 4 times 
the diameter of the pin. Although the highest bearing 
values were obtcained for the largest edge distance, the 
increases in bearing-yield strengths for, edge distances 
greater than 2D v/ere not as pronounced as in the case 
of the ultimate strengths. 
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•3. -Bear in^i^-yi eld strengths are appar ent ly r elat ed 
.to the other, yield characteristics of a material and 
therefore t .end t.o appr oach an upper limiting value as 
ed^e- clir-tancos ar.e increased. Bearing ultimate strengths, 
hov/ever, reflect the ability of a mat^erial to v/ithst.and 
^-i{::l'-ly- localized plastic deformations v/ithout fracture. 
Because of the upsetting that may occur ^head of the pin, 
accompanied by an increase in effective "bearing area, 
extremely high values of ultimate hearing strength may he 
obtained for large edge distances in duct il e mat erial s . 

4. All specimens with edge distances of 1.5 and 2 ■ 
times the diameter of the pin failed by shearing or tear- 
ing. .out a portion of the specimen in" the margin above the 
pin. Specimens with edge distances of 4 diameters failed 
in bear.ing by crushing or upsetting the metal above the 
pin, except in the case of the forgings which failed in • 
shear, as for the smaller edge distances. 

5. -The ratios of bearing yield and ultimate strength 
to tensile strength given in tabic III indicate that all 
the materials tested may be placed in two rather well de- 
fined groups: one including the alloys having tensile 
strengths ranging from 64,500 to 77,900 pounds per square 
inch; the other including the alloys having tensile strength 
ranging from 28,600 to 47,300 pounds per square inch. The 
highest ratios of bearing to tensile strength were found 
for the mo.tcrials .in the Iowot tensile-strength range. 

5. Satios of bearing yield to tensile ultimate 
strength varied almost linearily with ratios of tensile 
yield to ultimate strength. Ratios of bearing-yield to 
tensile-yield strength, however, were practically con- 
stan^t for all materials, particularly for edge, distances 
of 1.5L and 2D . " Tensile-yield s t r engths t h er ef or e ap- 
pear to provide a simpler 'and . p erhaps a mere^ rational 
basis for expressing' bearing-yield characteristics than 
do tensile ultimate strengths.. 

7. Prom a limited number of tests of 24S— T sheet, 
summarized in table lY , and the results of an earlier in- 
vestigation, it appears that bearing yield and ultimate 
strengths do not exhibit marked directional char cact er i s— 
tics. In view of the difference v/hich exists in some 
cases bet\/een tensile-yield strengths in the with- and 
cross-grain direct ions rat io s of bearing-yield to tensile- 
yield strengths in the cross-grain direction may be higher 
than shovm in table III for the with-grain direction. 
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8. "Sear in^5^ield strengths determined from auxiliary 
specimens having a gross v/idth of. only four times the pin 
diameter were essentially the same as determined from 
specimens having a width of 8 diameters, the proportion 
used in these tests. Ultimate hearing strengths for 
specimens • having a width of. 4D were ahout 5 percent less 
than for a width of 8D . Ratios of pin diameter to mate*- 
rial thickness (D/t) had little 'effect upon either 
hearing yield or ultimate strengths for values of D/t 
equal to 4 or less. ?or higher D/t ratios, decreases 

in hearing ultimate strengths must oe expected, as shown 
in ta.hle IV.. 

9. Tahle V presents the ratios of hear in g~t o—t en- 
sile -)n-*o-per t ies proposed from these tests as a tentative 
hasis for predicting nominal hearing values for the 
aluminum alloys and products considered. 

10. Sdge distance is a sufficiently important factor 
to he recognized in the selection of allowable hearing 
values. It is helieved that consideration of this 'factor 
will permit some increase in hearing values over those 
currently used .-in design. 

Aluminum Research Lahor at or ies , 

Aluminum Company of America, 

ilew Kensington, Pa., April 20, 19^1-3. 
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TENSILE PROPERTIES OF ALUMINUM ALLOY SHEET. 
FORCINGS, AND EXTRUSIONS, USED FOR BEARING Tj 



(P. T. No. 040642-C) 



Alloy and 
Temper 


Form of 
Material 


Nominal 
Thickness 
of Specimen, t 
in. 


Ultimate 
Strength, 
psi 


Yield 
, Strength 
(Offset-0.2^), 
psi 


Elongation 
in 2 in. , 
per cent 


17S-T 


Sheet 


0.064 


64 600 


47 100 


20.5 


24S-T 


Sheet 


0.064 


73 000 


55 000 


18.0 


Ale. 24S-T* 


Sheet 


0.064 


65 400 


50 400 


19.5 


24S-RT 


Sheet 


0.064 


77 900 


64 200 


12.0 


52S-0 


Sheet 


0.064 


28 600 


12 500 


22.0 


52S-1/2H 


Sheet 


0.064 


37 dOO 


31 600 


9.0 


52S-H 


Sheet 


0.064 


39 200 


34 700 


9.8 


53S-T 


Sheet 


0.064 


40 400 


36 000 


12.6 


61S-T 


Sheet 


0.064 


45 200 


41 600 


11.5 


14S-T 


Forging 


0.125 


70 700 


63 200 


10.8 


A51S-T 


Forging 


0.125 


47 300 


44 200 


12.3 


24S-T 


Extrusion 


0.070 


64 500 


50 800 


21.5 


53S-T 


Extrusion 


0.070 


36 700 


33 800 


11.0 


61S-T 


Eitrusion 


0.070 


41 700 


38 800 


11.5 



, The above values are the average of two tests ( with-gra.in) of sheet and extrusions and three tests 
of the forgings. Standard tension test specimens for sheet metals used, see Fig. 2 of Tentative 
Metnods of Tension Testing of Metallic Materials (B8-40T), 1940 Supplement to Book of A.S.T.M. 
Standards, Part I, p. 454. 



♦ 5 per cent Alolad coating on each side. 

t Original thicknesses of material except for 14S-T ana A51S-T, in wiiich cases specimens 
Yiere machined from 1/4 i 3 x 12-in. lorged stock. 



TABLE III 

RATIOS or AVERAGE BEARING PROPERTIES TO TENSILE PROPERTIES 
(P. T. No. 040642-C) 



Alloy 

and 
Temper 



Form of 
Material 



TS, 

psi 



TYS, 

psi 



1X2 

TS 



distance - 
diamete r 




Edge distance 



Edge distance - 



BY5 

TS 



Group 1 



17S-T 
24S-T 
A1C.24S-1* 
24S-HT 
24S-T 
14S.T 



5ES-0 

52S-H 

52S-1/2H 

53S-T 

61S-T 

53S-T 

61S-T 

A51S-T 



Sheet 

Sheet 

Sheet 

Sheet 

Thin ext. 

Thin forgings 



Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Thin ext. 
Thin ext. 
Thin forgings 



64 600 
73 000 

65 '^^0 
77 900 
64 500 
70 700 



28 600 

39 200 
37 800 

40 400 
45 200 
36 700 

41 700 
47 300 



47 100 
55 000 
50 400 
64 200 
50 dOO 
63 200 



12 500 
34 700 
31 600 
36 000 
41 600 
33 600 
38 800 
44 200 



0.73 
0.75 
0.77 
0.82 
0.79 
0.90 



1.49 
1.5E 
1.53 
1.45 
1.54 
1.46 



1.03 
1.06 
1.06 
1.15 
1.12 
1.21 



0.44 
0.89 
0.84 
0.89 
0.92 
0.92 
0.93 
0.93 



1.68 
1.61 
1.50 
1.65 
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1.23 



1.62 
1.64 
1.57 



1.32 
1. 3o 
1.31 



1.41 
1.41 
1.37 
1.40 
1.42 
1.35 



E.O? 
1.48 
i.47 
1.47 
1.38 
1.43 
1.43 
1.41 



1.96 
1.98 
2.00 
1.83 
1.91 
1.97 



2.23 
2.08 
2.06 
2.28 
2.18 
2.19 
2.21 
2.36 



1.19 
1.23 
1.20 
1.27 
1.33 
1.44 



1.64 
1.64 
1.56 
1.54 
1.69 
1.63 



2.51 
1.61 
1.67 
1.62 
1.63 
1.59 
1.58 
1.64 



2.59 
2.57 
2.35 
2.32 
2.45 
2.65 



3.33 
2.84 
3.13 
3.20 
3.23 
3.10 
3.35 
3.28 



1.31 
1.35 
1.31 
1.41 
1.49 
1.45 



1.15 
1.46 
1.42 
1.48 
1.53 
1.47 
1.51 
1.52 



All bearing tests on 1/4-in. diameter steel pin (D/t - 4 or less). Specimens 2 in. wide loaded parallel 
to direction of grain. 

BS - Bearing strength , ^ ^ . ^. ^ ^ • \ 
3YS - Bearing yield strength (offset - 0.02 x pm diameter - 0.005 m.) 

TS - Tensile strength (with-grain) . v / . . v 

TYS - Tensile yield strength (olfset - 0.2 per cent) (with-gram) 

♦ 5 per cent Alclad coating on each side. 
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TABLE II - BEARING STRENGTHS OF ALUMINUM ALLOY SHEET ^ 

(p. T. No. 040642-C) 



FORGINGS, AND EXTRUSIONS 



Alloy 
and 
Temper 



17S-T 



Form of 
material 



Sheet 
Sheet 
Sheet 



Nomi- 
nal^ 

thick- 
ness 

(in.) 



0.064 
.064 
.064 



Test 
num- 
oer 



24S-T 



Sheet 
Sheet 
Sheet 



ac.24S-1^ 



Sheet 
Sheet 
Sheet 



0.064 
.064 
.064 



0.064 
.064 
.064 



Av. 



Av. 



Av. 



BEARING STRENGTHS, (psi) 



Edge distaince = 
1.5 X pir^ diam. 



Ultimatei Yield* 



95,810 167,500 
96,450 66,000 
96 , 450 65,500^ 



Type 

of 
fail- 

uref 



96,240 66,350 



111,200 
110,000 
112,100 



111,100 



98,500 
98,800 
103,000 



100,100 



78 , 500 
77,000 
77,500 



77,650 



69,000 
67,500 
70,500 



69,000 



Edge distajice 
2 X pin diam. 



Ultimate Yield* 



126,130 ' 78,500 
126,770 : 76,500 
126,450 : 76.500 



Type 
of 

fail- 
ure! 



Edge distance 
4 X pin diam. 



Ultimate Yield* 



126,450 . 77,150 



168,060 
167,420 



83,500 
85,500 



166! 130 85.000 



167,205 



144,800 . 90,000 
142,900 190,000 
144,800 90,000 | 
144,165 190,000 



•176,970 
172,120 
169.700 



128,000 , 78,000 
134,400 , 79,000 
129,100 79,000 



130,500 178,550 



172,930 



145,570 
150,630 
163,920 



153,375 



84,650 



Type 
of 

fail- 
ure! 



100,000 
97,500 
99,000 



98,850 



83,500 
87,500 
86,000 



85,650 



24S-RT 



Sheet 
Sheet 
Sheet 



0.064 
.064 
.064 



52S-0 



52S-1/2H 



52S-H 



53S-T 



61S-T 



Sheet 
Sheet 
Sheet 



Sheet 
Sheet 
Sheet 



0.064 
.064 
.064 



Sheet 
Sheet 
Sheet 



Sheet 0.064 
Sheet .064 
Sheet ' .064 



0.064 
.064 
.064 



1 112,420 

2 113,400 
112,580 



Av. 



112,800 



51,200 
46,800 



90,000 
90,000 
90 , 000 



90,000 



Av. 



Av. 



0.064 1 
064 2 
064 3 
Av. 



Sheet 
Sheet 
Sheet 



0.064 
.064 
.064 



25,500 
25,600 



46 600 26 , 500 



48,200 



57,000 
55,800 
57,800 



56,870 



63,500 
63,800 
62,800 



63,400 



25,900 



45,800 
46 , COO 
47 , 200 



46 , 350 



52,100 
52,000 
50 , 500 



S .143,870 199,500 
S ;i41,41C i97,500 
S t 142,640 -99,500 



183,000 1110,000 



182,030 
177,480 



[142,640 i 98, 850 



180,835 



S « 63,300 131,700 
S 60,700 '31,500 
S 67,300 1 31,000 



51,5001 



Av. 



Av. 



65,500 52,800 
66 , 000 52 , 200 
67,800 153,700 I 



66,430 ; 52,900 



70 , 800 I 58 , 000 
70,400 ,58,300 
74 ^00 , 60,500 



71,730 57,250 



96,100 
99,700 
90 , 300 



63,800 : 31,400 



95,400 



78 , 300 \ 52 , 500 ' 

52,500 : 

53,300 



77 , 200 
78,000 



77,835 



83,000 
81,200 
80,000 



52,750 ! 



31,400 



92,300 
91,000 
92,300 



91,865 



98,200 
98,200 
98,800 



57,200 , 
56 , 700 I 
54,200 ; 



56,000 



58,000 
58 , 300 
58,300 



58 , 200 



98,400 



67,000 
66,800 
69,500 



67,750 



119,430 
117,400 
118,240 



110,000 
110,000 



110,000 



31,500 
32,800 
34 , 500 



32,900 



118,355 



113,400 
111,200 
108,800 



111,100 



128,200 
121,800 
137,800 



54,000 
53,500 
53,500 



53,650 



57,000 
58 , 000 
57,000 



57,300 



129,265 



144 , 790 
146,630 
145,710 



145,710 



60,200 
59 , 200 
59 , 500 



59,650 



69,000 
69,000 
69,000 



69,000 



14S-T 



Forging 
Forging 
Forging 



A51S-T 



24S-T 



Forging 
Forging 
Forging 



Extrusion 0.070 



0.125 
.125 
.125 



103,480 87,000 
103,180 83,500 
102,200 185,500 



0.125 
.125 
.125 



Extrusion 
Extrusion 



.070 
.070 



Av. 



102,950 j 85, 550 



Av. 



73,900 
73,410 
75,560 



74 , 290 



58 , 500 
62,000 
66,000 



62,150 



98,890 71,000 
98,890 .71,500 
100,000 74,000 



99,260 72,150 



140,030 
135,870 
142,450 



159,450 



103,000 
102,000 1 
101,000 



S 191,455 99,000 
S 177,140 1104,000 
S '194,030 |105, 000 



102,000 I 



I 1 187, 575 102,650 



112,740 
112.740 
109,210 



111,565 



121,390 
123,340 
125,000 



123,245 



75,500 
71,000 
71,000 



72,500 



83,000 
85,000 
69,000 



85,650 



S 1159,120 
S I 158, 600 
S '.147,460 



;i55,060 



70 , 000 
71 , 500 
74,500 



72,000 



I 154, 720 96,000 
,157,780 96,500 
— ~ 95,000 



! 160, 560 



!157,685 
T" 



95,850 



53S-T 



Extrusion 
Jlxtrusion 
Extrusion 



0.070 
.070 
.070 



Av. 



61S-T 



Extrusion! 0.070 1 
Extrusion) .070 2 
Extrusion] .070 I 3 



Av. 



r— 

60,880 '49,500 
58,820 ; 48,500 
58.290 .47.500 



59 , 330 48 , 500 



68,820 56,000 
68,410 55,000 
68,240 '56,00C 



68,490 ; 55,650 



83,820 
79 , 120 
77,720 



80 , 220 



93,240 
91,590 
91,180 



92,005 



56 , 000 
53,500 
51 , 500 



S 1-3:17,060 
S 1116,760 
S 1107,710 



55,500 
55,000 
51 , 500 



B 
B 
B 



53,650 



•113,845 



54,000 



61,000 \ 
60,500 ! 
62,000 ^ 



61,150 



S 139,710 64,000 
S 138,550 1 62,000 
S ; 140. 590 I 62,500 , 
'.139.620 I 62,850 ; 



Note - All tests on l/4-in. diairi. steel pin (D/t 
to direction of grain. ^original thicknessei 
cases specimens were machined from 1/4- by 
hFive percent alclad coating on eacn siae. 
hole diam. from initial straight line portion 
15 (0.005 in. offset for l/4-in. diam. pin) 



4 or less) . Specimens 2 in. ''i^^' ^^^^^^^f^J-^f 
of material except for 14S-T and Aol3-T, in which 
bv 12-in. forged stock. j. 
^Stress corrlsponding to offset of 2 percent of 
of load-hole elongation curves shown in figs. ^ to 
tType of failure (B) Bearing, (S) Snear. 
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EFFECT OF SPECIMEN PROPORTIONS AND DIRECTIONS OF LOADING UPON RATIOS OF BEARING 
TO TENSILE PROPERTIES OF 24S-T SHEET 







Direction 
of 

Loading* 


TS 
psi 


TYS 
psi 


Ed^e distance- 
1.5 X Din diam. 


Edge distan 
2 X Din di 


ce- 


Edge distance- 
4 I Din diam. 


Thickness 
(D/t) 


Pin Diam. 

(W/D) 


BS 




BYS 
tY2 


BS 
T5 


"TS 






BYS 


HYS 
TYS 


A 
t 


4 


yf 


71 


500 


51 600 


1.45 


1.04 


1.44 


1.85 


1.21 


1.66 


2.27 


1.36 


1.39 


4 


4 


I 


69 


400 


44 800 


1.46 


1.02 


1.57 


1.90 


1.22 


1.89 


2.36 


1.40 


2.17 


4 


8 


W 


73 


000 


55 000 


1.52 


1.06 


1.41 


1.98 


1.23 


1.64 


2.37 


1.35 


1.80 


4 


8 


I 


69 


900 


47 800 








2.05 


1.29 


1.89 








2 


4 


X 


70 


000 


45 900 


1.49 






1.91 












2 


8 


I 


70 


000 


45 900 








2.03 












3 


6 


W 


71 


200 


54 200 


1.56 






1.92 






2.48 






4 


4 


I 


69 


900 


47 800 


1.48 






1.93 












4 


6 


w 


71 


200 


54 200 


1.56 






1.92 






2T23 






4 


8 


I 


69 


900 


47 800 








2.06 


i.29 


1.89 








6 


4 


I 


70 


000 


45 900 








1.53 












8 


4 


X 


69 


900 


47 800 


1.36 






1.41 












12 


4 


X 


69 


900 


47 800 








1.03 













♦ I - cross-grain, W - with-grain. 



mo 

SUGGESTED TYPICAL RATIOS OF BEARING TO TENSILE PROPERTIES 
(P. T. No. 040642-C) 



Product 


Edge distance - 


Edge distance - 
2 X DiiLdiameter 


Edf^e distance • 
4 X Din diameter 


TS 


TYS 


TS 


BIS 

r/s 


TS 


BIS 

TYS 


17S>T sheet 
24S-T sheet 
AJc. 24S-T» sheet 
24S-RT sheet 


1.5 


1.4 


1.9 


1.6 


2.3 


1.7 


52S-0 sheet 
52S-1/2H st;eet 
62S-.H sheet 
53S-T sheet 
61S-T sheet 


1.6 


1.4 


2.1 


1.6 


3.0 


1.6 


24S-T thin extrusions 


1.5 


1.4 


1.9 


1.6 


2.3 


1.7 


24S-T thick eitrrisions 


1.2 


1.2 


1.5 


1.4 


2.1 


1.6 


53S-T thin extras ions 
61S-T thin extrusions 


1.6 


1.4 


2.1 


1.6 


3.0 


1.6 


14S*T thin forgings 


1.5 


1.4 


1.9 


1.6 


2.3 


1.7 . 


A51S-T thin forgings 


1.6 


1.4 

ji^ 


2.1 


1.6 


3.0 


1.6 

'oi n nn 1 /4.-i 1 



diaa^ter steel oin. (D/t - 4 or less). Corresponding ratios for Siieet across gram are higher by ratio 
of tensile vield or ultimate strength wit h-grein to that across-gram. . ooqoa\ 

Ratios for *thin" extrusions are hased on tests of specimens from section 0.070 in. thick I Die No. L-^^'d^)' 
Ratios for "thick" extrusions are hased on tests of specimens from section approximately 0-3/4 in. 

thick (Die No. K-27768). ^ . ^ ^ ^ o 1 o • 

Ratios lor "thin" forgings are hased on tests of specimens from lorged plates, 1/4 x o x m. 

♦ 5 per cent Alclad coating on each side. 
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Figs. 2,3 




JO. 010 



Pin diameter = 1/4 in. 
Sheet thicknes? = 0.064 in. 
SDecimen width - 2 in. 



Hole elongation, in.. 

A-l,A-2 and A-3: edpe distance ^ 4x pin diameter 

B-l,B-2 and B-3: edge distance = 2xpin diameter 

C-l,C-2 and C-3: edpre distance = 1.5k pin diameter 



Figure 2.- Bearing stress-hole elongation curves for aluminum alloy sheet, 17S-T. 



160,000 




-^0.010 |<- 



Pin diameter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance - 4x pin diameter 
B-l,B-2 and B-3: edge distance ^ 2xpin diameter 
C-l,C-2 and C-3i edge distance = l.Sxpin diameter 



Figure 3.- Bearing stress-hole elongation curves for aluminum alloy sheet, 24S-T. 
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Figs. 4,5 



140,000 




0.010|*- 



Pin diameter = 1/4 in. 
Sheet thicknesp = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-5: edge distance = 4x Din diameter 
B-l,B-2 and B-3: edge distance = 2xpin diameter 
C-1 C-2 and C-T^l edge distance = 1.5xPin diameter 



Figure 4.- Bearing stress-hole elongation curves for aluminum alloy sheet, alclad 
24S-T. 



160,000 



140,000 



.120,000 




-i|0.010|^ 



Pin diameter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-1 A-2 and A-3: edge distance = 4xpin diameter 
B-i'b-2 and B-3: edge distance = 2xpin diameter 
C-l'c-2 and C-3: edge distance = 1.5xpin diameter 



Figure 5.- Bearing stress-hole elongation curves for aluminum alloy sheet, 24S.RT. 
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70,000 



Figs. 6,7 




Pin diameter = 1/4 in. 
Sheet thicknesp = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance = 4xpin diameter 
B-l,B-2 and B-5: edge distance = 2xpin diameter 
C-l,C-2 and C-7): edge dif=?tance = 1.5xpin diameter 



Figure 6.- Bearing stress-hole elongation curves for aluminum alloy sheet, 52b-0. 



80,000 



70,000 




-*|0.004 |<- 



Pin diameter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance = 4x pin diameter 
B-l,B-2 and B-3: edge distance = 2x pin diameter 
C-l,C-2 and C-3: edge distance = 1.5x pin diameter 



Figure 7.- Bearing stress-hole elongation curves for aluminum alloy sheet, 52S-1/2H. 
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> 50,000 



Figs. 8,9 



d 40,000 



^30,000 

s 

20,000 



10,000 




->|0.004 1^ 



Pin diameter = 1/4 in. 
Sheet thickne?? = 0.064 in. 
Soecimen width = 2 in. 



Hole elongation, in. 



A-1 A-2 and A-3: edge distance = 4x pin diameter 
B-i'b-2 and B-3: edge distance = 2 x pin diameter 
C-l'c-2 and C-3: edge distance = l.bxpin diameter 



Figure 8.- Bearing stress-hole elongation curves for aluminum alloy sheet, 52S-K. 



80,000 



70,000 



60,000 



i 50,000 



S 40,000 
m 

1^30,000 
u 

^ 20,000 



10,000 




Pin diameter = 1/4 in. 
Sheet thickness = 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 

A-1, A-2 and A-3: edge distance = 4xpin diameter 
B-1 B-2 and B-3: edge distance = 2 x pin diameter 
C-l!c-2 and C-3: edge distance = 1.5xpin diameter 



Figure 9.- Bearing stress-hole elongation curves for aluminum alloy sheet, 53S-T. 
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Figs, 10,11 




Jo. 004 



Pin diameter = 1/4 in. 
Sheet thickness - 0.064 in. 
Specimen width = 2 in. 



Hole elongation, in. 



^ ^ ■ — — — -J — 

A-l,A-2 and A-3: edge distance = 4x pin diameter 

B-l,B-2 and B-3: edge distance = 2 x pin diameter 

C-l,C-2 and C-3: edge distance = l.Sxpin diameter 



Figure 10.- Bearing stress-hole elongation curves for aluminum alloy sheet, 61S-T, 



140,000 




Pin diameter = 1/4 in. A-l,A-2 and A-3: edge distance = 4xpin diameter 

Sheet thickness = 0.125 in. 8-1,3-2 and B-3: edge distance = 2xpin diameter 

Specimen width = 2 in. C-l,C-2 and C-3: edge distance = 1.5xpin diameter 



Figure 11.- Bearing stress-hole elongation curves for aluminum alloy forging, 14S-T. 
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Figs. 12,13 
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Pin diameter = 1/4 in. 
Specimen thickness = 0.125 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance = 4x pin diameter 
B-l,B-2 and B-3: edge distance = 2x pin diameter 
C-l,C-2 and C-3: edge distance = 1.5xpin diameter 



Figure 12.- Bearing stress-hole elongation curves for aluminum alloy forging, A51S-T. 




Pin diameter = 1/4 in. 
Specimen thickness = 0.070 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance = 4x pin diameter 
B-l,B-2 and B-3: edge distance = 2xpin diameter 
C-l,C-2 and C-3: edge distance = 1.5x pin diameter 



Figure 13.- Bearing stress-hole elongation curves for aluminum • alloy extrusion, 24S-T. 
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Pin diameter = 1/4 in. 
Specimen thickness = 0.070 in. 
Specimen width = 2 in. 



Hole elongation, in. 



A-l,/l-2 and A-3: edge distance = 4xpin diameter 
B-l,B-2 and B-3: edge distance = 2xpin diameter 
C-l,C-2 and C-3: edge distance = 1.5 x pin diameter 



Figure 14.- Bearing stress-hole elongatjon curves for aluminum alloy extrusion, 53S-T. 



160,000 
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Pin diameter = 1/4 in. 
Specimen thickness = 0.070 in 
Specimen width = 2 in 



Hole elongation, in. 



A-l,A-2 and A-3: edge distance = 4xpin diameter 
B-l,B-2 and B-3: edge distance = 2 x pin diameter 
C-l!c-2 and C-3: edge distance - 1.5 x pin diameter 



Figure 15.- Bearing stress-hole elongation curves for aluminum, alloy extrusion, 61§-T. 



